We make use of the Next Generation model atmospheres by Allard et al. (1997) and Hauschildt, Allard & Baron (1999) to compute theoretical models for low and very low-mass stars for selected metallicities in the range Z= 0.0002 to 0.002. On this basis, we present theoretical predictions covering the sequence of H-burning stars as observed in galactic globulars from the faint end of the Main Sequence up to, and beyond, the cluster Turn Off. The role played by the new model atmospheres is discussed, showing that present models appear in excellent agreement with models by Baraffe et al. (1997) as computed on quite similar physical basis. One finds that the theoretical mass -luminosity relations based on this updated set of models, are in good agreement with the empirical data provided by Henry & McCarthy (1993) . Comparison with HST observation discloses that the location in the Color-Magnitude diagram of the lower Main Sequence in galactic globular clusters appears again in good agreement with the predicted sensitive dependence of these sequences on the cluster metallicity.
INTRODUCTION
Very Low Mass (VLM) stars play a relevant role in a wide variety of astrophysical problems, ranging from the stellar formation processes to the stellar interior physics and from the Galaxy formation to the cosmological Dark Matter enigma. Therefore, in the last decade large efforts have been devoted to increase the wealth of low-mass and VLM stars observations both in the visual and near-infrared bands. A substantial progress in this field has been recently achieved thanks to the HST observations which disclosed in several galactic globular clusters (GCs) a beautiful sequence of central H-burning stars (Piotto et al. 1997 , Ferraro et al. 1997 , Marconi et al. 1998 , sometimes nearly down to the lower mass limit for hydrogen burning structures (King et al. 1998) .
The theoretical modeling of VLM stars has been for a long time quite a difficult task, due to the high densities and the low temperatures which characterize the structure of these stars. As a consequence, reliable theoretical predictions on both effective temperature and luminosity, as needed to understand the Color-Magnitude (CM) diagram of VLM stars, have been for long time severely challenged. However, in the last years the situation has significantly improved thanks to the relevant progress both in the physics of the stellar interiors as well as in the treatment of the stellar atmospheric layers (for a detailed review on this topic see Allard et al. 1997) . As a result, theoretical investigations based on this new physical framework have been already able to achieve a satisfactory agreement with several observational evidences (see Kroupa & Tout 1997 , hereinafter BCAH97, Chabrier & Baraffe 1997 , Brocato, Cassisi & Castellani 1998 . This is the third of a series of papers (see Alexander et al. 1997 and BCC98) devoted to investigate VLM structures: in the first paper (Alexander et al. 1998) , we have investigated the effect of using the most updated physical inputs -as far as it concerns the equation of state and the low-temperature opacity -on the theoretical prescriptions for VLM stars; the second one (BCC98) analyzed the effects on the evolutionary models of the different approaches adopted for fixing the outer boundary conditions in stellar structure computations.
In the present work, we will take advantage of the recent availability of the "Next Generation" (NG) model atmospheres provided by Allard et al. (1997) and Hauschildt et al. (1999) to discuss the effects of such new improved boundary conditions on stellar models for VLM structures.
We will show that the structure of theoretical models appears scarcely affected by the choice about these conditions. However, this is not the case for the predicted colours, which strongly depend on the adopted relation connecting the theoretical quantities, as luminosity (L) and effective temperature (Te) to the observational ones as magnitudes and colours. Not surprisingly, present models, as computed on the basis of the NG model atmospheres, appear to be in excellent agreement with the result of similar computations given by BCAH97.
We will also take advantage of the growing number of detailed VLM sequences in galactic GCs provided by HST to extend the comparison from NGC6397 to other, now well observed, GCs disclosing that observational data are largely supporting theoretical predictions concerning the dependence on the metallicity of the CM diagram location of VLM sequences. The layout of this paper is as follows: as a preliminary step, in the next section we present updated VLM models, discussing to some extent these results to the light of the current uncertainties on the mixing length parameter and/or the cluster age. On this basis, section 3 will be devoted to a comparison with observations, pointing out the use of the VLM Main Sequence (MS) as possible calibrator of the cluster metallicity and/or distance modulus. Conclusions and final remarks will close the paper.
THE STELLAR MODELS
As in the previous papers , and BCC98) our models rely on the equation of state by Saumon et al. (1995) for dense and cool matter, on lowtemperature opacities by Alexander & Ferguson (1994) and high-temperature opacities by Rogers & Iglesias (1992) . As already quoted, in BCC98 the outer boundary conditions were fixed by adopting model atmospheres by Brett (1995a,b) . In this paper we will follow BCAH97 in using NG model atmospheres, which represent a significant improvement in this field, due to the use of an updated treatment of pressure broadening and of molecular line absorption coefficients (see Allard et al. 1997, and Hauschildt et al. 1999 for more details). As in BCC98, the basis of the atmosphere has been fixed at Rosseland optical depth τ = 100, i.e., at a depth large enough for the diffusion approximation to be valid (see, e.g., Mihalas 1978 , Morel et al. 1994 , allowing a safe comparison with the results of different authors.
VLM models have been computed for selected metallicity values, as given by Z=0.0002, 0.0006, 0.001 and 0.002, by adopting in all cases an original helium abundance Y = 0.23. In order to cover with a homogeneous and self-consistent theoretical scenario the upper portion of the MS and the cluster Turn Off (TO), numerical computations have been extended beyond the proper VLM range, up to M ∼ 0.8M⊙, adopting for masses larger than 0.6M⊙ the OPAL EOS (Rogers, Swenson & Iglesias 1996) which allow the required fine match with the VLM sequence (see for a discussion on this matter). Tables 1 to  4 provide relevant informations about the models, as computed assuming a mixing length parameter ml = 1.8HP and a cluster age of 10 Gyr. According to the solar bolometric correction adopted by Allard et al. (1997) , we used M Bol,⊙ = 4.73 mag to derive VRI magnitudes in the Johnson-Cousins system and JHK ones in the CIT system. In addition, we provide the stellar magnitudes in some selected HST filters, including the NICMOS wide filters F110W, F160W and F807W. Figure 1 shows the location in the theoretical HR diagram of the new models with Z=0.0002 and 0.002, as compared with similar models provided by BCC98, BCAH97 as well as with models computed by adopting a T (τ ) relation in the atmospheric layers. As whole, models in this figure appear all in reasonable agreement; this occurrence shows that the thermal structures of the models is not dramatically dependent on the adopted boundaries conditions. As expected, one finds that the new models based on NG model atmospheres are virtually identical with those by BCAH97, showing that different groups with different evolutionary codes obtain results which only depend on the adopted input physics. One may finally notice that Brett's (1995a,b) model atmospheres provided a description of the thermal structure of VLM stars which is comparable with the most updated NG models over a rather large range of effective temperatures. However, in the region around log Te ∼ 3.63 the new models based on the NG model atmospheres appear slightly hotter and marginally more luminous than the ones computed by adopting the boundary conditions given by Brett (1995a,b) . As discussed by Bessel (1995) , such a difference is probably due to the too strong H2O bands in Brett's model atmospheres, which produces an overestimate of the H2O opacity for temperatures cooler then 3000K.
However, it is worth noticing that the colour -effective temperature relations based on different model atmospheres databases, show remarkable differences. This is shown in figure 2 where we compare VLM sequences in the observational (MV , V − I) diagram for selected metallicities, as evaluated by adopting alternatively the bolometric corrections and colour -effective temperature relations provided either by the NG model atmospheres or by Allard & Hauschildt's (1995) (implemented at effective temperatures larger than 4000K with the Kurucz's (1993) transformations), as in BCC98. The significant differences between the two approaches show that whereas model atmospheres are already good enough to produce reliable stellar models, the prediction about colours is still uncertain, affected by even minor details in the evaluation of predicted spectra. In this field, the NG model atmospheres represent a significant improvement in comparison with the previous theoretical results.
Present theoretical predictions concerning the CMD location of VLM sequences are reported in figure 3 for the four selected metallicities and for an assumed cluster age of 10 Gyr. As already known, one finds that at lower luminosities the VLM sequence is predicted to be a rather sensitive indicator of the cluster metallicity. As a relevant point, numerical experiments fully support the BCAH97's finding that the VLM sequence for magnitudes below MV ∼ 7 mag is expected to be strictly independent of assumptions about either the cluster age or the efficiency of super-adiabatic convection. One concludes that the run of VLM sequences in the CM diagram is among the "not-too-abundant" observational quantities firmly predicted by theory, only depending on the reliability of the adopted physical scenario. Figure 4 finally gives the mass -luminosity relations for all the investigated metallicities and for selected photometric bands ranging from the visual to the near-infrared. It is Figure 1 . The H-R diagram location of present VLM models with mass ≤ 0.6M ⊙ and for an age of 10Gyr, as compared with the models by Baraffe et al. (1997) or Brocato et al. (1998) for the labeled assumptions on the metallicity. Dotted lines shows models computed by adopting the same input physics used in this work but a gray approximation (T (τ ) relation) in the treatment of the outer layers. worth noticing (see also BCC98) that the mass -luminosity relation becomes more and more insensitive to the stellar metallicity when going from the visual to the near-infrared photometric bands, with the m − MK relation almost unaffected by the metallicity. This occurrence together with the evidence that in the near-IR the effects of extinction and differential reddening are considerably reduced, can be of help when investigating the mass distribution of VLM objects in the field and in the galactic bulge (see for instance, Zoccali et al. 1999). In the same figure, the empirical data by Henry Table 1 . Mass, luminosity, effective temperature, absolute visual magnitude, colours and magnitudes in selected HST filters for stellar models with metallicity Z=0.0002 and Y=0.23 and for an age 10 Gyr.
. Table 2 . As Table 1 but for stellar models with metallicity Z=0.0006.
. Table 3 . As Table 1 but for stellar models with metallicity Z=0.001.
. Table 4 . As Table 1 but for stellar models with metallicity Z=0.002.
. & McCarthy (1993) for a sample of visual and eclipsing binaries in the solar neighborhood are also shown. Since such a sample is expected to cover a significant spread in metallicity, fig. 4 has been implemented with the theoretical mass -luminosity relation for solar composition, as computed by using the same physical inputs adopted for the more metal poor VLM sequences. One can easily notice that, within the current uncertainties and the significant dispersion (due to a spread in the metallicity and, probably also in the age) in the observational data, there is a quite good agreement be- Figure 4 . The mass -luminosity relations for various assumptions on the heavy elements abundance, in selected photometric bands. The observational data provided by Henry & McCarthy (1993) are also shown. The mass -luminosity relation corresponding to solar metallicity VLM models has been also plotted (see text for more details).
tween empirical and theoretical mass -luminosity relations.
THE OBSERVATIONAL TEST
BCAH97 were already able to test their prediction to the high quality CM diagram of NGC6397 (Cool, Piotto & King 1996) . Unfortunately, a similar precise comparisons with clusters of different metallicities (M15 and ω Cen) was hampered by the poorer quality of photometric data available at that time. However, the sample of VLM sequences observed by HST in galactic globulars is increased, and now one finds five more clusters with sufficiently well defined VLM sequences, as given by M92, M30 (Piotto et al. 1997) , NGC6752 (Ferraro et al. 1997 ), M10 and M55 (Piotto & Zoccali 1999) . Table 5 gives estimates of [Fe/H] for this sample of "well observed" clusters as provided by Cohen et al. (1999) . The same Comparison between the HST CMD of NGC6397 and the theoretical isochrones. The solid lines correspond to the evolutionary prescriptions for the metallicity adopted for the cluster, and the dashed lines show the main sequence loci for very low-mass structures, for all the other metallicities accounted for in the present work. The age of the various isochrones, the adopted distance modulus and reddening are also labeled.
distance modulus and reddening taken from the compilation of Harris (1996) are also listed. However, as shown in the same table, three clusters out of this sample (M92, M55 and M10) have been observed with the HST F606W filter, so that data are not homogeneous with NGC6397 and, in addition, their calibration can be affected by not negligible uncertainties. Thus we will limit the following discussion only to the three clusters M30, NGC6397 and NGC6752. The observational data for these clusters have been translated from the HST photometric system to the standard Johnson-Cousins system by adopting the Holtzman et al. (1995) recipes. As a first crude test of the metal dependence predicted by theory, let us show in figure 5 the data for NGC6752, the more metal-rich cluster in our sample, shifted onto the M30 data in such a way that the location of the Turn Off points in both clusters coincides. Comparison with theoretical predictions given in figure 3, shows that there is a clear evidence for the existence of the effect of metallicity on the location of the lower main sequences -with a shift toward redder colours when increasing the metallicity -, which appears in good, even if qualitative, agreement with theoretical predictions.
A precise comparison between observations and theoretical predictions would require an exact knowledge of both the cluster reddening and distance modulus. As a less stringent but still significative approach, one can adopt, e.g., a suitable value for the cluster reddening, regarding the distance modulus as a free parameter to be determined by best fitting theoretical predictions: the accuracy of the fitting all along the MS will be a non trivial indicator of the reliability of the theoretical scenario. As a first application of this last procedure, let us follow BCAH97 assuming for NGC6397, E(B − V) = 0.18 which corresponds to E(V − I) = 0.24 by adopting the relation E(V − I) = 1.35 · E(B − V) (Drukier et al. 1993 , He et al. 1995 . Not surprisingly, figure 6 shows that a good fit is achieved adopting [M/H]=−1.5 and (m − M )0 = 11.9 (corresponding to (m − M )V = 12.46), as already found by BCAH97. The run of VLM sequences for different metallicities, as given in the same figure, discloses the good sensitivity of this fitting to the assumed metal content. One may notice that the derived distance modulus is in satisfactory agreement with the independent evaluation given by Reid & Gizis (1998) on the basis of Hipparcos Msubdwarf Main-Sequence fitting.
In addition, now one can note that the comparison of the cluster Turn-Off luminosity with theoretical isochrones as computed for selected ages and without allowing for the efficiency of element sedimentation (see Cassisi et al. 1998 Cassisi et al. , 1999 would assign to the cluster an age of, about, 12 Gyr, in good agreement with the age recently discussed on quite an independent way by Salaris & Weiss (1997) . If element diffusion is at work in Pop. II globular cluster stars, thus the age of the cluster would be further reduced by an additional ∼ 0.7 Gyr (see Castellani et al. 1997 . However, one has also to bear in mind that the derived age is dependent on the assumption about the cluster reddening: if the reddening is reduced by ∆E(V − I) ∼ 0.03 the age estimated for the cluster is increased by ∼ 1 Gyr.
One can take advantage of the range of metallicities covered by our cluster sample to explore theoretical predictions in a rather large range of metallicities. Figure 7 shows that adopting for M30 E(B − V) = 0.03 and thus E(V − I) = 0.04 from the Harris's compilation, the fitting of the cluster loci by the theoretical sequence for [M/H]=−2.0 requires a distance modulus equal to (m − M )V = 14.98, which is about 0.3 mag larger than the value listed in the Harris's compilation, but in good agreement with the value recently given by Gratton et al (1997: (m − M )V = 14.94 ± 0.08) obtained from the main-sequence fitting to Hipparcos subdwarfs. By comparing the theoretical prescriptions for the TO luminosity with the cluster CM diagram, one predicts for this cluster again an age of the order of 12 Gyr. Figure 8 (top panel) shows the result of the same procedure but for the cluster NGC6752. Assuming again from Harris data E(B − V) = 0.04, i.e. E(V − I) = 0.05, and adopting a metallicity [M/H]=−1.3, the best fit is achieved for a distance modulus equal to (m − M )V = 13.08, in reasonable agreement with the value given by Harris (1996) and with the estimate given by Renzini et al. (1996) from the white dwarfs cooling sequence, but smaller by about 0.1 mag than the determination by Gratton et al. (1997) . From this figure, it is easy to notice that the observed lower main-sequence location seems to be in better agreement with the theoretical prescriptions for a metallicity [M/H]∼ −1.0 rather than with [M/H]=−1.3. This occurrence can be due to several reasons: problems in the calibration of the observational data from the HST photometry to the standard system and/or drawbacks in the adopted colour -effective temperature relation for this moderately metal-rich mixture, and/or the uncertainty in the estimation of the global metallicity suitable for the cluster (see table 5 ). It is also surprising to notice that the fitting given in Figure 8 (top panel) implies a cluster age larger or of the order of 14 Gyr, and one is reluctant to conclude for such large age. In order to reduce this age down to ∼ 12 Gyr, the cluster reddening would have to be doubled and this choice is not supported by current determinations of such a parameter. However, the cluster age could be significantly reduced if, as suggested by the VLM sequence, we accept for the cluster a metallicity [M/H]∼ −1.0 -a value larger than the one usually adopted for this GC -, since increasing the metallicity decreases the magnitude of the Turn-Off for each given cluster age. This has been done in the bottom panel of figure 8 , where we compare the CM diagram of NGC6752 with the theoretical isochrones corresponding to a stellar metallicity [M/H]= −1.0 (i.e. Z=0.002); now the derived age for the cluster is of the order of 12 Gyr. When accounting for the quoted uncertainties on both the photometric data calibration and the theoretical colour -effective temperatures relation, this result can not be considered as a plain evidence that NGC6752 has a so large metallicity (see, for instance, Vandenberg 2000) . However, it is clear that a more reliable investigation on the GCs properties requires also a more accurate evaluation of the GC metallicity scale (Rutledge, Hesser & Stetson 1997) , and also an homogeneous measurement of both the iron content and α−elements abundance.
CONCLUSIONS
In this paper we have presented new models for metal poor VLM MS stars based on the most updated physical scenario. In particular, present computations rely on the set of model atmospheres for M dwarfs recently provided by and Hauschildt et al. (1999) . The role played by model atmospheres in predicting the observational properties of VLM stellar models has been discussed by comparing models computed under different boundary conditions. As a result, it appears that predictions about the star luminosities and radii are fairly solid whereas the predicted colours of the stellar models are critically dependent on the adopted model atmospheres which could be still affected by not negligible uncertainties (see below).
As already known, we found that the slope of the VLM sequence is sensitively dependent on the stellar metallicity. In addition, we show that the CMD location of VLM stars observed by HST in selected galactic globulars is well reproduced by theoretical stellar models. This occurrence appears as a plain evidence that present theoretical framework for VLM structures is able to finely reproduce the dependence of the observational properties of M dwarfs on the heavy elements abundance.
In this context it is worth noticing that, if and when the cluster reddening is known, the magnitude of the MS at (V − I)0 = 0.95 mag, could be used as a standard candle to derive information on the cluster distance modulus and, in turn, on the cluster age. In this respect, we note the small uncertainties on the cluster reddening do not play a dramatic role. In fact, present evolutionary models predict for the main sequence slope around MV ≈ 7 mag, ∂MV /∂(V − I) ∼ 4.3. Therefore, an uncertainty in the reddening of the order of ∆E(V − I) ∼ 0.02 mag would imply a corresponding uncertainty in the cluster distance modulus of about ∆(m − M )V ∼ 0.09 mag. According to current calibrations of the Turn Off magnitude as a function of the age (see, e.g., Cassisi et al. 1998 Cassisi et al. , 1999 , the quoted uncertainty would to constraint the cluster age within ∼ ±1.2 Gyr.
At larger metallicities, theoretical models predict a CMD location of the MS which, for each given colour, appear slightly fainter when compared with the observations. As it has been discussed in the previous section, this occurrence can be due to a significant uncertainty in the adopted metallicity, but it can be also a first signature of a real shortcoming of the models, as shown by Baraffe et al. (1998) , and confirmed by our own computations, by comparing theory and observations at solar metallicity. Following the early suggestion provided by Alvarez & Plez (1998) , Baraffe et al. (1998) have shown by performing some numerical experiments, that such discrepancy between models and observations could be solved by accounting for a missing source of opacity for wavelengths shorter than 1µm. It is worth noticing that an increase in the stellar opacity in this spectral range would improve the match between theory and observations in the optical, but without affecting the nearinfrared colours. This occurrence allow us to be confident in the results so far obtained in comparing VLM models with near-infrared photometric data at solar metallicity (see for instance, Zoccali et al. 1999) .
